Pulsed-field gel electrophoresis (PFGE) is considered the "gold standard" for molecular epidemiological study. Repetitive extragenic palindromic PCR (rep-PCR) is less time-consuming and more suitable for analyzing large numbers of bacterial strains in human populations. PFGE and rep-PCR provide comparable genotyping results for investigating Streptococcus mutans diversity and transmission.
Dental caries is a worldwide infectious disease, with Streptococcus mutans being considered the quintessential indigenous cariogen of the oral cavity (13) . Genetic identification of S. mutans is essential for diversity and transmission studies among humans. Genotyping has been utilized for identifying S. mutans strains within the oral cavity, e.g., arbitrarily primed PCR (AP-PCR) (12) , randomly amplified polymorphic DNA (RAPD) (19) , and restriction endonuclease analysis (10) . However, these approaches are not as reliable as pulsed-field gel electrophoresis (PFGE) when comparing large numbers of strains over extended periods of time (20) . PFGE has an advantage over these methods in that intact chromosomal DNA is digested in gel plugs with restriction endonucleases that recognize rare restriction sites, thus producing a small number of large fragments (10 to 1,000 kb) that may represent Ͼ90% of the bacterial genome. This provides for excellent interpretation and discriminatory power, and results are reproducible over time and between laboratories. Therefore, PFGE is considered a reliable and reproducible method for the genetic identification of bacterial isolates and may be considered the "gold standard" for genetic fingerprinting (2, 3, 5, 22, 24) . Although PFGE has been used for genotyping S. mutans strains, its use for epidemiological analysis of S. mutans populations in human populations has been limited (6, 15, 16, 21, 25) . Recently, we reported the development and utilization of PFGE as a genotyping tool for maternal-transmission studies of S. mutans (17) . However, PFGE is time-consuming and becomes problematic when processing large numbers of bacterial strains for epidemiological purposes. In this study we compared repetitive extragenic palindromic PCR (rep-PCR) (1, 14, 26) , which allows for the analysis of a larger number of strains in a shorter time frame, with PFGE for the purpose of studying S. mutans diversity and transmission among children and their mother.
(This work was presented in part at the 108th General Meeting of the American Society for Microbiology, 2008.)
S. mutans isolates were obtained from 27 healthy children between the ages of 18 months and 6 years that presented from 1997 to 1998 for dental treatment under general anesthesia at Children's Hospital of Alabama in Birmingham, AL. Pretreatment plaque swab samples were collected by passing a sterile cotton swab over the teeth and gums of the subject and the mother. A bacterial plaque sample was collected from a carious lesions of children with a sterile toothpick. Clinical samples were placed in a reduced transport fluid medium (23) for subsequent laboratory identification. Isolates were cultivated from samples grown on mitis-salivarius sucrose bacitracin agar (Difco), incubated anaerobically with 5% CO 2 for 24 h at 35°C, and frozen at Ϫ70°C in Todd-Hewitt (TH) broth (Becton Dickinson, Sparks, MD) with 15% glycerol.
S. mutans isolates were cultured on TH agar, and a single colony was inoculated into TH broth and incubated anaerobically with 5% CO 2 for 24 h at 35°C. Cells were harvested by centrifugation at 21,000 ϫ g, and the pellet was washed once in sterile TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). DNA from the washed pellets was extracted using the UltraClean microbial DNA isolation kit (bioMérieux, Inc., Durham, NC; catalog no. 270676) in accordance with the manufacturer's instructions, with the modifications of adding an additional 80°C incubation for 5 min after the addition of the MicroBead solution and MD1 reagent and reducing the volume of MD5 to 35 l in the elution step. The quantity and quality of the purified DNA were assessed using a NanoDrop 1000 spectrophotometer (Thermo Scientific, Waltham, MA), and only extractions with a 260/280-nm absorbance ratio of 1.8 to 2.2 and a 260/230-nm absorbance ratio of Ն1.01 (limit set by the DiversiLab [DL] procedure) were used. DNA was stored at Ϫ70°C in TE buffer if not analyzed the same day.
Verification that the isolates were S. mutans was done using SYBR green-based PCR methodology. A reaction mixture of 10.5 l with a final concentration of 1ϫ Maxima SYBR green quantitative PCR (qPCR) master mix (Fermentas Life Sci-ences, Glen Burnie, MD) and 0.3 M S. mutans-specific primers Smut3368-F and Smut3481-R (27) was pipetted into natural iQ 96-well microplates (Bio-Rad Laboratories, Hercules, CA). Two microliters of template DNA (ϳ10 ng/l) from each isolate was added to the corresponding wells, and the entire plate was sealed. Amplification was performed on an iQ5 thermal cycler (Bio-Rad Laboratories, Hercules, CA) using the following parameters: 1 cycle of 95°C for 10 min followed by 30 cycles of 20 s at 95°C, 20 s at 55°C, and 20 s at 72°C. A gradient melting melt curve analysis was performed, followed by analysis of amplification and melting data using version 2.0 BioRad iQ5 standard system software. Samples with a threshold cycle (C T ) between 10 and 20 and a melting temperature (T m ) of 75°C were confirmed as S. mutans (27) All isolates were typed using DNA isolated as described above with the DiversiLab (DL) system with the Streptococcus DNA fingerprinting kit (bioMérieux, Inc.) in accordance with the manufacturer's instructions. Initial reproducibility studies (data not shown) in which PCR was performed on different DNA extractions indicated that single samples are adequate as long as the quality of the electropherograms meets standards established by the manufacturer. A reaction mixture of 23 l containing rep-PCR MM1, primer mix Q (DL kit), GeneAmp PCR buffer, 1.5 mM MgCl 2 (Applied Biosystems, Foster City, CA; catalog no. N808-0006), and 2.5 U of AmpiTaq DNA polymerase (Applied Biosystems; catalog no. N808-0160) was dispensed into 0.2-ml MicroAmp reaction tubes (Applied Biosystems; catalog no. N801-0612), and 2 microliters containing 25 to 50 ng/l of DNA template was added. PCR was performed on a GeneAmp 9700 with a gold heating block (Appled Biosystems) by allowing the block temperature to reach 94°C before insertion of samples. Conditions were as follows: initial denaturation for 120 s at 94°C followed by 35 cycles of 30 s at 94°C, 30 s at 50°C, 90 s at 70°C, and a final extension for 180 s at 70°C. Each PCR run included the reference strain S. mutans Ingbritt (9) as a positive control and a negative control provided in the DL Streptococcus kit. The amplicons were analyzed using microfluidics LabChip technology (bioMérieux, Inc.; catalog no. 270670) with an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA). Data analysis was performed with the secure DL Web-based software using the Pearson correlation coefficient to determine distance matrices and the unweighted pair group method with arithmetic averages (UPGMA) to create dendrograms. Reports were generated, including the dendrogram, similarity matrix, electropherograms, gellike images, scatter plot, and selectable demographic fields, to aid with interpretation of the data. Genotypes were assigned to all isolates using the criteria of three or more minor band differences or one major band difference to assign a new genotype. A cutoff of 100 fluorescence units was used for differentiating between minor (Ͻ100) or major (Ͼ100) bands. Each distinct genotype was assigned a number.
PFGE was performed as previously described (17) . Briefly, a 200-l aliquot of S. mutans grown in TH broth was centrifuged at 10,000 ϫ g, and the pellet was washed 3 times in 200 l of Tris-EDTA (TE) buffer and resuspended in 160 l of TE buffer containing 50 units of mutanolysin (Sigma, St. Louis, MO) and 160 l of 1.8% pulse field-certified agarose (Bio-Rad Laboratories, Hercules, CA). Agarose plugs were lysed, digested with SmaI, and electrophoresis was performed using a gradient of 6 V/cm, an included angle of 120°, an initial switch time of 1 s, and a final switch time of 40 s for 22 h. Bands were visualized by staining with ethidium bromide, and digital images were imported into Bionumerics v5.1 (Applied Maths, Inc., Austin, TX). Patterns were normalized based upon a standard strain of S. mutans (Ingbritt) (9) included in each gel. Dendrograms were produced using 1% optimization, a band tolerance of 0.9%, and UPGMA based on Dice coefficients. Criteria for assessing similarity of S. mutans isolates by PFGE were a similarity index of Ͼ70% and visual inspection (17) . Each unique pattern was assigned a letter designation for easy distinction from the rep-PCR labeling. A total of 79 isolates were obtained from the children and 62 isolates from their mothers and in some cases a sibling.
All 141 oral isolates from 27 children and their mothers were identified as S. mutans by SYBR green PCR. Among these isolates we found 16 distinct DL genotypes using rep-PCR and 25 patterns using PFGE (Table 1) . Some individuals had more than one genotype and a mother may have multiple children, resulting in percentage totals that may exceed 100%. We assessed the fidelity of S. mutans transmission from mother to child by comparing the DL genotype and PFGE profiles. In 22% (6/27) of mother/child pairs, all of the child's isolates matched those from the mother. In 19% (5/27), some of the child's genotypes matched those from the mother, and in 59% (16/27) , no isolates matched those from the mother. Maternal transmission was a mode of S. mutans acquisition in 41% (11/27) of mother/child pairs, while acquisition from nonmaternal sources occurred in 74% (20/27) of mother/child pairs. Similar transmission profiles were obtained with PFGE and rep-PCR (Fig. 1) , with the exception of family 10, where rep-PCR indicated maternal transmission of S. mutans and PFGE did not (Table 1 ). All the mothers and their children had one or two S. mutans genotypes per individual using both methods ( Table 1 ), indicating that S. mutans has a clonal population structure within the oral cavity (7), and these observations are consistent with previous reports (8, 11, 18) . Our results do not support the notion that maternal transmission is the primary means of S. mutans acquisition in children with severe early childhood caries (4). We had previously shown that PFGE is a reliable and reproducible genotyping method for investigating S. mutans transmission within human families (17) . That study used a relatively small number of S. mutans isolates, but even then the methodology is taxing and time-consuming and, due to the difficulties in breaching S. mutans cell walls, often required repeat analysis. In preparation for a much-larger-scale study of the epidemiology of S. mutans (10,000 isolates) we needed a higher-throughput method for genotyping S. mutans. Therefore, we compared rep-PCR with PFGE. Our results clearly show that, when applied to an epidemiologic question, e.g., transmission of S. mutans from mother to child, the results of rep-PCR and PFGE typing are equivalent. However, the rep-PCR method was superior when considering reliability and turnaround time. PFGE in our hands produced a maximum of 30 usable patterns each week (about a 20% repeat rate), while 120 rep-PCRs could be completed by the same personnel each week. Therefore, the more practical methodology is rep-PCR when large numbers of isolates must be analyzed, and rep-PCR has been adopted by the authors for use in a large-scale longitudinal study of the epidemiology of S. mutans.
FIG. 1. Dendrograms of rep-PCR (A, C
, and E) and corresponding PFGE patterns (B, D, and F) of S. mutans isolates from mother/child pairs. Samples were labeled as follows: mother's plaque, M; child's plaque, BP; a sibling's plaque, SBP; plaque from child's caries, BC. The corresponding rep-PCR and PFGE types are noted. Panels A and B are an example of children without a genotype in common with the mother; for panels C and D, mother and child share a genotype and both the child and mother have one unique genotype; for panels E and F, both mother and child have a single genotype that is not shared.
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